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(54) OPTICAL INSPECTING METHOD AND OPTICAL INSPECTION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED:To provide a system and a 
method for performing the optical inspection of a 
semiconductor wafer structure. 

SOLUTION: A wafer surface is irradiated with light from 
a light source emitting the light composed of a plurality 
of wavelengths. A multi-CCD camera is arranged at a 
position to supplement the light diffracted at the 
structure of the wafer surface by first order diffraction. 
Thereafter, the supplemented light is discriminated into a 
plurality of the wavelengths, and they are turned to a 
CCD. A digital filter prepares a plurality of digitized 
diffracted images of the wafer surface in the different 
wavelengths. The diffraction images are integrated and 
analyzed so as to detect defects in the structure or can 
be individually analyzed. The image of a specified 
wavelength is selected and analyzed by utilizing a well- 
known diffraction pitch in the structure, and the 
wavelength is calculated. 
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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which irradiates light on a wafer front face from the light source which is the 
approach of conducting optical inspection of the structure of the front face of a semi-conductor 
wafer, and emits the light of two or more wavelength, The process which catches the light diffracted 
by said wafer surface structure, and the process which divides said caught light into two or more 
wavelength, The optical inspection approach characterized by providing the process which creates 
the diffraction image on said two or more front faces of a wafer generated from different 
wavelength, and the process which analyzes said diffraction image and detects a defect. 
[Claim 2] The process which is the approach of conducting optical inspection of claim 1 , and 
irradiates light on said wafer front face is the optical inspection approach characterized by irradiating 
said wafer front face by the white light which consists of two or more wavelength. 
[Claim 3] The process which catches the light which is the approach of conducting optical inspection 
of claim 2, and was diffracted according to said surface structure is the optical inspection approach 
characterized by providing further the process which catches the light in a primary angle of 
diffraction using the camera which has two or more charge coupling mold devices which catch the 
light of two or more wavelength fields. 

[Claim 4] The process which is the approach of conducting optical inspection of claim 3, and catches 
light using said camera is the red of a light field, and the optical inspection approach characterized 
by green and catching light with the camera which has three charge coupling mold devices which 
catch the light which has blue wavelength. 

[Claim 5] The process which is the approach of conducting optical inspection of claim 4, and creates 
two or more of said diffraction images is said red, the process which digitizes green and the light 
caught with the camera which catches blue wavelength, and said red and the optical inspection 
approach characterized by green and to provide the process which creates the digital diffraction 
image on said front face of a wafer in each of a blue wavelength field. 

[Claim 6] It is the optical inspection approach characterized by to provide further the process which 
is the approach of conducting optical inspection of claim 5, said surface structure analyzes said 
digitized diffraction image as the process as which the grid pattern which has a predetermined grid 
pitch determines formation, now whether it is and it is the thing of known [ pitch / said / grid ] 
separately when said grid pitch is not a known thing, and detects the defect of structure. 
[Claim 7] It is the approach of conducting optical inspection of claim 5. Said surface structure The 
process which determines formation, now whether are and the grid pattern which has a 
predetermined grid pitch is the thing of known [ pitch / said / grid ], The optical inspection approach 
characterized by providing further the process which computes the wavelength of said diffracted 
light, and the process which analyzes said digitized diffraction image corresponding to said 
computed diffracted light, and detects the defect of said structure when said grid pitch is a known 
thing. 

[Claim 8] It is the approach of conducting optical inspection of claim 5. Said surface structure The 
process which determines formation, now whether are and the grid pattern which has a 
predetermined grid pitch is the thing of known [ pitch / said / grid ], The process which determines 
said grid pitch when said grid pitch is not a known thing, The optical inspection approach 
characterized by providing further the process which computes the wavelength of said diffracted 
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light, and the process which analyzes the digitized diffraction image corresponding to said computed 
wavelength, and detects the defect of said structure. 

[Claim 9] The optical inspection approach which is an approach of conducting optical inspection of 
claim 8, and is characterized by providing the process which catches all the spectrum images on said 
front face of a wafer, the process which creates the digital map of said surface structure, and the 
process which computes the distance between said structures equivalent to said grid pitch. 
[Claim 10] The process which is the approach of conducting optical inspection of claim 9, and 
creates the digital map of said surface structure is the optical inspection approach characterized by 
providing the process which divides said wafer front face into a predetermined number of fields, and 
the process which creates the digital map of said surface structure in each field of said front face. 
[Claim 11] The optical inspection approach which is an approach of conducting optical inspection of 
claim 1 , and is characterized by to provide further the process which detects the wavelength covering 
the optical spectrum of two or more wavelength using the Rhine detector after the process which 
divides said caught light into two or more wavelength, and the process which identifies wavelength 
in order to create and analyze a digital diffraction image. 

[Claim 12] The process which is the approach of conducting optical inspection of claim 1, analyzes 
said diffraction image, and detects the defect of said structure is the optical inspection approach 
characterized by to provide the process which unifies said diffraction image and forms all spectrum 
digital images, and the process which analyzes all said spectrum digital images and detects the defect 
of said structure. 

[Claim 13] The optical inspection approach characterized by providing further the process in 
comparison with the defective type which is the approach of conducting optical inspection of claim 
1 , and was stored in the knowledge base which classifies said defect in the detected defect. 
[Claim 14] The optical inspection approach characterized by providing further the process which 
diagnoses the cause of the defect detected using the process which stores the cause data which are 
the approach of conducting optical inspection of claim 13, and serve as a specific defect in said 
knowledge base, and a predetermined defective type and the cause stored in said knowledge base. 
[Claim 15] An exposure means to be the system which conducts optical inspection of the structure of 
a semi-conductor wafer front face, and to irradiate the light which consists of two or more 
wavelength on said wafer front face, A prehension means to catch said light diffracted by the 
structure on said front face of a wafer, An image creation means to create the diffraction image on 
said two or more front faces of a wafer created from the wavelength from which a separation means 
to divide said caught light into two or more wavelength, and each differ, Optical check system 
characterized by providing a defective detection means to analyze said diffraction image and to 
detect the defect of said structure. 

[Claim 1 6] It is the optical check system according to claim 1 5 characterized by being the light 
source which emits the white light which it is the optical check system of claim 15, and said 
exposure means becomes from two or more wavelength. 

[Claim 17] It is the optical check system characterized by being the optical check system of claim 16 
and providing the camera which has two or more charge coupling mold devices which said optical 
prehension means is laid in the location which catches said light in a primary angle of diffraction, 
and catch the light of two or more wavelength fields. 

[Claim 18] It is the optical check system of claim 17, and said two or more charge coupling mold 
devices are red and optical check system characterized by green and catching the light of a blue light 
spectrum wavelength field, respectively. 

[Claim 19] It is the optical check system characterized by being the optical check system of claim 
18, for said separation means possessing prism in said camera, and for said prism separating said 
caught light, and turning said separated light to said two or more charge coupling mold devices. 
[Claim 20] It is the optical check system characterized by being the optical check system of claim 19 
and said image creation means possessing the digital filter which creates the digital diffraction image 
on reception and said front face of a wafer for the signal produced from said two or more charge 
coupling mold devices. 

[Claim 21] Optical check system characterized by providing further the Rhine detector which is the 
optical check system of claim 15 and detects the wavelength covering the optical spectrum of two or 
more of said wavelength. 
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[Claim 22] Optical check system characterized by providing further an image selection means to be 
the optical check system of claim 15, and to choose one of said diffraction images in order to analyze 
the predetermined grid pitch of said wafer surface structure. 

[Claim 23] The process which irradiates light on the front face of said object from the light source 
which is the approach of conducting optical inspection of the front face of an object, and emits the 
light of two or more wavelength, The process which catches the light diffracted by the front face of 
said object, and the process which divides said caught light into two or more wavelength, The optical 
inspection approach characterized by providing the process which creates the diffraction image of 
the front face of two or more of said objects generated from different wavelength, and the process 
which analyzes said diffraction image and detects the defect of said object. 

[Claim 24] An exposure means to be the system which conducts optical inspection of the front face 
of an object, and to irradiate the light which consists of two or more wavelength on the front face of 
said object, A prehension means to catch said light diffracted by the structure of the front face of said 
object, An image creation means to create the diffraction image of the front face of two or more of 
said objects created from the wavelength from which a separation means to divide said caught light 
into two or more wavelength, and each differ, Optical check system characterized by providing a 
defective detection means to analyze said diffraction image and to detect the defect of said object. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to optical check system. Concretely, although this 
invention is not limited, it is the system and approach of an automatic optical inspection on the front 
face of a product which were uniformly patternized like the front face of a semi-conductor wafer 
using diffraction light. 
[0002] 

[Description of the Prior Art] It is after processing or optical inspection of the product in down 
stream processing attains to even the precise inspection using a computer from a simple visual 
inspection. Automated inspection is quick and it is reliable, and visually, the value is increasing 
increasingly as the defect of a product with difficult recognition can be detected certainly, it 
accumulates and equipment and a technique improve. 

[0003] This is applied also to the in-process inspection of the wafer of a semi-conductor. A semi- 
conductor wafer is manufactured by two or more stages, and performs the development of a new 
layer, and processing which establishes the surface structure for the functional part of the electron 
device built into a wafer after process termination on each stage. The structure established on each 
stage is formed by etching the selection field of the front face, or performing careful processing. In 
many cases, the field which performs etching or other processings is formed by covering the outside 
of the above-mentioned processing range with the protective agent called the so-called photoresist. 
[0004] After a photoresist is first applied to homogeneity on the front face of the whole wafer, a 
front face is alternatively exposed using a mask. The property for fusibility of the field exposed by 
this processing to improve, or to fall changes. 

[0005] Although it responds to the type of the photoresist used during development and an exposure 
field is held or washed, since the surface residue deteriorates, the resist pattern which protects a 
wafer front face is left behind, for example, Mr. Fukashi with fixed between etching processes and 
unprotected area ~ removal — restoration or processing is performed after that. Subsequently, the 
photoresist of a protective coat is removed and it leaves only a desired surface structure. On the next 
stage, preparations of processing are made, and a process is repeated until a desired surface structure 
is formed completely. 

[0006] In a production process, it is desirable to inspect a wafer front face frequently, and inspection 
in the part in which especially photoresist structure was formed is desirable. Although many of 
defects can be restored and removal and re-spreading can do a photoresist comparatively easily, 
since restoration will become difficulty more and cost will start if the wafer which performed unjust 
processing is etched, as for effectiveness, it is highest rather than carrying out such restoration to 
detect the defect beforehand rather. 

[0007] Although the wafer of a production process may conduct a visual inspection, generally an 
automatic check system is used. In such a system, as one of the electromagnetic energy, in many 
cases, the light is irradiated on this front face, and they are inspected. For computer processing, after 
the image made by reflection of the light from a front face is incorporated, it is changed into a digital 
format. 

[0008] It is determined whether the abnormality pattern which this surface image data is analyzed, 
for example, is connected with a certain kind of defect, and a pattern which suggests this exist. Trace 
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and depiction of a surface structure are carried out with a technique which is called image 
decomposition (Image Decomposition) by the unit called a primitive. 

[0009] U.S. patent application number of the name of the invention "System and Method of 
Optically Inspecting Manufactured Devices" which applied for such a technique on May 6, 1998 
Application of 09/301, [ 074 and 301 ] On July 18, 2000 as a U.S. patent number 6,091,846 "Method 
and System for Anomaly Detection" which the right generated U.S. patent application number of the 
name of invention to say which is continuation application a part The detail is indicated by 08/156. 
[ 867 and 156 ] Both contents are quoted in this application specification. In a still more precise 
system, it is classified for next use, and is stored, and, as for the image relevant to each inspection, 
the comparison for a header being attached, detecting the error of the defective detection process 
itself, and analyzing a production process is made. A fundamental cause is specified in order to 
suppress the same defect as much as possible thereby from now on. . 

[0010] It may be inadequate for detecting a defect efficiently and comprehensively to incorporate the 
image of light which carried out specular reflection from the front face of a wafer, for example, a 
defect like focal offset — or it turned out that the focal gap by the error at the time of the particle 
which ****, wafer development, etching, or exfoliation, or lack of a developer is detectable with 
inspection of light which carried out diffraction from the product front face. When the front face of 
the target wafer is so small that it forms a diffraction (or reflection) grid or the regular pattern near it 
and uniform enough like the semi-conductor wafer manufactured appropriately, analysis of the 
diffraction light is also useful. 
[0011] 

[Problem(s) to be Solved by the Invention] However, use of diffraction light has the problem of 
complicating the process of inspection. For example, since a diffraction angle is based on the degree 
of the pitch of a concave grating although primary thru/or several diffraction angle can be predicted 
in turning single wavelength light to the specific region on the front face of a wafer whose pitch 
(namely, the usual wafer surface distance) of a concave grating is known, when using a camera and 
other image prehension equipments, there is a problem that a location must be changed, according to 
the change accompanying the time amount of the pitch of a concave grating. 
[0012] that is, the pattern (namely, pitch of a concave grating) of various front faces universally 
looked at by the semi-conductor wafer is suited — making — a camera or the light source — either 
must be rearranged. It is for according to this generating the diffraction angle from which the pitch of 
each different concave grating differs in relation to an incident angle, and, naturally the stacking 
tendency of a wafer can be adjusted according to the diffraction angle expected. However, if it 
adjusts in this way, since it will be easy to produce an error in treatment ******, there is a problem 
of not being desirable. 

[0013] This invention is made in view of the above-mentioned situation, and it aims at offering the 
optical inspection approach of a semi-conductor wafer and optical check system which it is accurate 
and can inspect a wafer front face using the diffraction effect, avoiding the repeated adjustment at 
the time of inspection. 
[0014] 

[Means for Solving the Problem] In order to solve this technical problem, the approach concerning 
the main viewpoint of this invention The process which irradiates light on a wafer front face from 
the light source which is the approach of conducting optical inspection of the structure of the front 
face of a semi-conductor wafer, and emits the light of two or more wavelength, The process which 
catches the light diffracted by said wafer surface structure, and the process which divides said caught 
light into two or more wavelength, It is characterized by providing the process which creates the 
diffraction image on said two or more front faces of a wafer generated from different wavelength, 
and the process which analyzes said diffraction image and detects a defect. 
[0015] In this invention, the light source of two or more wavelength is irradiated on a wafer front 
face. Subsequently, the light which carried out diffraction with the structure of the include angle on 
the front face of a wafer equivalent to primary diffraction is caught. The caught light is divided into 
two or more wavelength. ******** two or more diffraction images on the front face of a wafer are 
created by wavelength. Then, a diffraction image is analyzed and the defect on structure is detected. 
The image in specific wavelength is chosen, a surface structure is analyzed using a known grid pitch, 
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and the wavelength is calculated. The wavelength from which the pitch of a known concave grating 
differs by change in the field in which wafer front faces differ is calculated, and a different image in 
new wavelength is chosen and analyzed. 

[0016] As a gestalt of 1 of this invention, the process which irradiates light on said wafer front face 
is characterized by irradiating said wafer front face by the white light which consists of two or more 
wavelength. 

[0017] The process which catches the light diffracted according to said surface structure as a gestalt 
of 1 of this invention is characterized by providing further the process which catches the light in a 
primary angle of diffraction using the camera which has two or more charge coupling mold devices 
which catch the light of two or more wavelength fields. 

[0018] The process which catches light, using said camera as a gestalt of 1 of this invention is 
characterized by the red of a light field, and catching light with green and the camera which has three 
charge coupling mold devices which catch the light which has blue wavelength. 
[0019] As a gestalt of 1 of this invention, the process which creates said two or more diffraction 
images is characterized by said red and providing [ said red, the process which digitizes green and 
the light caught with the camera which catches blue wavelength, and ] green and the process which 
creates the digital diffraction image on said front face of a wafer in each of a blue wavelength field. 
[0020] As a gestalt of 1 of this invention, said surface structure is characterized by providing further 
the process as which the grid pattern which has a predetermined grid pitch determines formation, 
now whether it is and is the thing of known [ pitch / said / grid ], and the process which analyzes said 
digitized diffraction image separately and detects the defect of structure when said grid pitch is not a 
known thing. 

[0021] The process as which the grid pattern with which- said surface structure has a predetermined 
grid pitch determines formation, now whether it is and is the thing of known [ pitch / said / grid ] as a 
gestalt of 1 of this invention, When said grid pitch is a known thing, it is characterized by providing 
further the process which computes the wavelength of said diffracted light, and the process which 
analyzes said digitized diffraction image corresponding to said computed diffracted light, and detects 
the defect of said structure. 

[0022] The process as which the grid pattern with which said surface structure has a predetermined 
grid pitch determines formation, now whether it is and is the thing of known [ pitch / said / grid ] as a 
gestalt of 1 of this invention, When said grid pitch is not a known thing, it is characterized by 
providing further the process which determines said grid pitch, the process which computes the 
wavelength of said diffracted light, and the process which analyzes the digitized diffraction image 
corresponding to said computed wavelength, and detects the defect of said structure. 
[0023] It is characterized by providing the process which catches all the spectrum images on said 
front face of a wafer, the process which creates the digital map of said surface structure, and the 
process which computes the distance between said structures equivalent to said grid pitch as a gestalt 
of 1 of this invention. 

[0024] As a gestalt of 1 of this invention, the process which creates the digital map of said surface 
structure is characterized by providing the process which divides said wafer front face into a 
predetermined number of fields, and the process which creates the digital map of said surface 
structure in each field of said front face. 

[0025] As a gestalt of 1 of this invention, it is characterized by providing further the process which 
detects the wavelength covering the optical spectrum of two or more wavelength using the Rhine 
detector, and the process which identifies wavelength in order to create and analyze a digital 
diffraction image after the process which divides said caught light into two or more wavelength. 
[0026] The process which analyzes said diffraction image and detects the defect of said structure as a 
gestalt of 1 of this invention is characterized by providing the process which unifies said diffraction 
image and forms all spectrum digital images, and the process which analyzes said all spectrum 
digital images and detects the defect of said structure. 

[0027] It is characterized by providing further the process in comparison with the defective type 
stored in the knowledge base which classifies said defect in the detected defect as a gestalt of 1 of 
this invention. 

[0028] It is characterized by providing further the process which diagnoses the cause of the defect 
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detected using the process which stores the cause data used as a specific defect in said knowledge 
base as a gestalt of 1 of this invention, and a predetermined defective type and the cause stored in 
said knowledge base. 

[0029] An exposure means for the system concerning another viewpoint of this invention to be a 
system which conducts optical inspection of the structure of a semi-conductor wafer front face, and 
to irradiate the light which consists of two or more wavelength on said wafer front face, A 
prehension means to catch said light diffracted by the structure on said front face of a wafer, A 
separation means to divide said caught light into two or more wavelength, and each are characterized 
by providing an image creation means to create the diffraction image on said two or more front faces 
of a wafer created from different wavelength, and a defective detection means to analyze said 
diffraction image and to detect the defect of said structure. 

[0030] According to the gestalt of 1 of this invention, it is characterized by said exposure means 
being the light source which emits the white light which consists of two or more wavelength. 
[0031] According to the gestalt of 1 of this invention, said optical prehension means is laid in the 
location which catches said light in a primary angle of diffraction, and is characterized by providing 
the camera which has two or more charge coupling mold devices which catch the light of two or 
more wavelength fields. 

[0032] Thereby, avoiding the repeated adjustment at the time of inspection, using the diffraction 
effect, it is accurate and a wafer front face can be inspected. 

[0033] According to the gestalt of 1 of this invention, said two or more charge coupling mold 
devices are characterized by red and catching the light of green and a blue light spectrum wavelength 
field, respectively. 

[0034] According to the gestalt of 1 of this invention, said separation means possesses prism in said 
camera, said prism separates said caught light, and it is characterized by turning said separated light 
to said two or more charge coupling mold devices. 

[0035] According to the gestalt of 1 of this invention, said image creation means is characterized by 
providing the digital filter which creates the digital diffraction image on reception and said front face 
of a wafer for the signal produced from said two or more charge coupling mold devices. 
[0036] According to the gestalt of 1 of this invention, it is characterized by providing further the 
Rhine detector which detects the wavelength covering the optical spectrum of two or more of said 
wavelength. 

[0037] According to the gestalt of 1 of this invention, in order to analyze the predetermined grid 
pitch of said wafer surface structure, it is characterized by providing further an image selection 
means to choose one of said diffraction images. 
[0038] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. This invention is the system and approach for using the diffraction effectiveness 
of the electromagnetic energy at the time of performing automatic optical inspection of the front face 
of an object. When this invention is built appropriately, it can apply to inspection of the front face 
which has the surface structure which forms the pattern near the concave grating which the element 
of a regular pattern or a pattern reflects. As one of such the front faces, the front face of the semi- 
conductor wafer in a production process can be mentioned as above-mentioned. Moreover, although 
this invention explains the example which can be adapted for wafer inspection below, it is not 
limited to this and it cannot be overemphasized that it is effective in same various surface analyses. 
[0039] Drawing 1 is the front view of the optical check system 10 constituted in order to inspect the 
semi-conductor wafer 1 1 in the gestalt of operation of this invention. A system 1 0 is used in order to 
detect the abnormalities of a photoresist. The optical check system 10 which is such a malfunction 
detection system contains the susceptor 16 holding the following light source 12, overhead image 
prehension equipment 13, diffraction image prehension equipment 14, control computers 15, and 
semi-conductor wafers 11. This light source 12 irradiates light and energy on the surface of a wafer 
using a laser beam, an X-ray, an ion beam, an electron, infrared radiation, ultraviolet rays, or a 
visible ray. 

[0040] The effectiveness of this invention in which the edge on structures, such as a photoresist 
island edge (Photoresist Island Edge), is detected, and the great portion of capacity have the contrast 
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by overhead image prehension equipment 13, and it depends for them on exact measurement of the 
diffraction angle by diffraction image prehension equipment 14 depending on generation of a minute 
component edge. Therefore, as for the light source 12, it is desirable that it is the source of the 
coherent light which stops the light to emit to the minimum. As for overhead prehension equipment 
13, it is desirable that they are one camera of the Rhine scanning-type and the overhead camera of an 
alias can mold. As for diffraction image prehension equipment 14, it is desirable that it is the multi- 
CCD camera which can catch separately the wavelength from which the light transmitted from a 
front face differs. As suitable image prehension equipment, a XC0033CCD alias can color camera 
(Sony Corp. make) is desirable. 

[0041] Drawing 2 is the top view of the semi-conductor wafer 1 1 which has much chips 18 on a 
front face. In the gestalt of this operation, the wafer 1 1 detected is arranged at the susceptor 16 which 
are some optical check system 10. Susceptor 16 not only offers the base material which holds a 
wafer certainly, but holds a camera 13 and the light source 12 similarly. Susceptor 16 can hold now 
many the optical lenses and mirrors for doubling the focus and direction of light which are required 
of the inspection according to individual, here, it irradiates so that a wafer may be incorporated — 
having — and a demand — digitization and storage-izing — and it will be analyzed. 
[0042] With the operation gestalt in this invention, this light source puts the white light which 
consists of two or more wavelength to a wafer front face in the predetermined include angle to a 
normal axis. Diffraction image prehension equipment 14 is a multi-CCD camera, and catches various 
wavelength of light reflected from the wafer front face which was able to apply this white light 
according to an individual here. Ttjis camera catches in more detail the light which has the red of for 
example, a light field, blue, and two or more wavelength fields that are green according to an 
individual. At this time, when caught by the camera, it does not visualize and dissociate, but these 
wavelength fields are performed inside a camera. Moreover, although a camera is explained to 
diffraction image prehension equipment 14 by the example for convenience, anythings are possible if 
it is equipment which catches reflection or the diffracted light according to this invention (all 
electromagnetic radiation is included). 

[0043] Since different wavelength has originally made the diffraction image, the images caught 
separately differ in each other. One in the separated image which has more than one is suitable when 
using for the decision of whether there is any defect. While other things can still detect depending on 
a defect, there are some which are not detected. However, since it is difficult to predict beforehand 
because of decision of which image it is the most effective, it is desirable to analyze each diffraction 
image to each wafer. 

[0044] In a desirable operation gestalt, this invention has an advantage of the diffraction 
phenomenon of electromagnetic energy. The regulation pattern formed of the photoresist structure 
developed on the wafer front face makes a reflecting grating, and diffraction occurs like specular 
reflection as a result. There is also a defect which becomes detectable more simply through this 
inspection of light that carried out diffraction. 

[0045] The phenomenon of diffraction light is explained by the following relational expression, 
m lambda=d (sinthetai+sinthetam) (1) Here, the light by which the wavelength of the light with 
which lambda is irradiated by the concave grating (namely, surface structure of a wafer), and d are 
irradiated carries out the incident angle of the pitch of a concave grating, and the thetai, thetam 
expresses a diffraction angle and m expresses the degree of diffraction. By using the light of the 
single wavelength which wavelength which is performed by the current system understands, a 
diffraction angle is calculated and incorporates the diffraction image for which a camera is arranged 
appropriately and needed. 

[0046] As a fault of such a system, when the pitch (separation of a surface structure) of a concave 
grating exists variously, and inspecting a wafer generally, it must be [ a multi-camera ] adapted, it 
must be used for various primary diffraction angles as a result, and it must move a camera to other 
locations from one location. In order to adjust to the diffraction angle to which a camera can 
respond, the wavelength or the incident angle of single (moving wafer of light source or object) 
wavelength light must be changed. 

[0047] No matter these adjustments may be what things, they produce the problem which is not 
desirable of making defective detection processing into incorrectness. On the other hand, the system 
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and approach of this invention can use the fixed structure. However, immobilization means that it 
does not mean that it cannot adjust and the location and image prehension equipment of the light 
source do not need the adjustment for making it adapted for various wafer structures in normal 
operation as used here. Accuracy and effectiveness improve as a result. 

[0048] In the desirable operation gestalt of this invention, the exposure by the white light in which a 
wafer contains all the wavelength of the light is carried out. other than this — being alike — what a 
different exposure spectrum was used and was generated according to discontinuous or the one or 
more different light sources — or there is the light source separated separately optically. [(Although 
this does not relate to operation of this invention directly, it is a reason for being desirable.) 0049] As 
for the diffraction effectiveness camera, being arranged is desirable so that the primary concave 
grating formed of the range of the pitch of a concave grating can be caught. The light with which this 
goes into the diffraction effectiveness camera is because it separates into the image of each 
wavelength. Each diffraction image specifies the range of the wavelength lambda analyzed to 
mention later. 

[0050] In other operation gestalten, the standard way of using of catching the diffraction image of 
full wave length acquired from the wafer which has irradiated light for analysis is also possible for 
overhead image prehension equipment 13. However, the image of an overhead camera is 
unnecessary to this invention except for the range of the data extracted from the diffraction 
effectiveness camera which collaborated with this invention and was analyzed. In other operation 
gestalten, the image of a multi-CCD camera may be recombined by the digitizer which forms a full 
wave length image. A full wave length image is used for other detection formats, or is used for 
relation with the below-mentioned diffraction impact analysis. 

[0051] Drawing 3 is the block diagram showing the correlation of a subsystem with malfunction 
detection and the correction system (it is called "ADCS" Anomaly Detection and Correction System 
and the following.) 20. ADCS is one of the types used in case the image data based on the operation 
gestalt of this invention is analyzed. Malfunction detection and the location system 21, the detection 
classification system 22, the detection diagnostic system 23, the detection restoration system 24, and 
the knowledge base 25 are in ADCSS. Malfunction detection and the location system 21 show the 
location of a defect correctly. Once the location of a defect is selected, the detection classification 
system 22 will perform the discernment and use of the description the defective image was 
remembered to be, and will determine the type of the detected defect. Once a defective type is 
determined, the detection diagnostic system 23 will fit the defective type accumulated in the 
knowledge base 25, and the database of a known known-deficiency cause, and will judge the cause 
of a defect. After the cause of a defect is predicted, the information accumulated in the detection 
restoration system 24 or the knowledge base 25 is used, what can correct a defect is determined, and 
restoration actuation will be directed if that is right. 

[0052] Drawing 4 catches the image of the desirable operation gestalt of this invention, and is the 
schematic diagram of the system to irradiate. The light source 12 emits the light of two or more 
wavelength, and uses it for the exposure of the semi-conductor wafer 1 1 here [ the front face and 
here ] where it is inspected. The light concerned is again irradiated to the front face of the wafer 
which uses a half-reflecting mirror which is referred to at 50/50 beam splitter. The light concerned is 
illuminated on the surface of a wafer by incident angle thetai to a normal axis. Drawing 4 shows the 
include angle of the incidence and the m-th diffraction corresponding to a and b two places on a 
wafer front face. 

[0053] Specular reflection of the light from a front face is carried out by the same include angle and 
thetam (in order to clarify, this include angle is shown by only two reflective parts). According to the 
diffraction effectiveness produced according to the wafer surface structure, a m-th diffraction beam 
also spreads from these parts in include-angle thetam. 

[0054] Multi-CCD camera 14 catches the light (it all comes out and a certain need is not) which 
carried out diffraction. The camera has prism 32 and it divides the light which carries out incidence 
into the wavelength to constitute. Three CCD cameras 33 catch the light from the spectrum 
( drawing 4 shows red, green, and blue) divided into three, and make the diffraction image divided 
into three. 

[0055] Three caught images (according to this invention, two or three or more are sufficient) are 
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digitized by the digital filter 34, form a digital image, and are transmitted to a computer 15 for 
storage and analysis. As except it, an image is unified, all the spectrum digital images 35 are formed, 
and it is transmitted to a computer 15 for storage and analysis. Although it is arbitrary, after 
distinguishing the light in which prism 32 carries out incidence on the wavelength to constitute, a 
line sensor 36 may be used in order that the spectrum of the light emitted from prism using the 
function to analyze the diffraction image of much various wavelength hundreds may detect how the 
same [ as a desired thing ] it is. 

[0056] Drawing 5 is the flow chart of the process of 1 operation gestalt of the approach of this 
invention. At step 41, three sets of CCD cameras 14 are arranged in the location of a primary 
diffraction angle. At step 42, the white light which becomes a wafer front face from two or more 
desirable wavelength is irradiated. At step 43, a surface primary diffraction image is caught by three 
sets of CCD cameras, and prism 32 is distinguished in step 44 on the wavelength which constitutes 
the caught light. At step 45, in order that the spectral-line detector 36 may detect by the function in 
which the spectrum of the light emitted from prism to arbitration analyzes the image of much various 
different wavelength [ be / how the same / as a desired thing ] hundreds, it is used. At step 46, three 
separate images by which three cameras CCD 33 catch the light from red, green, and a blue 
wavelength field, and are digitized in step 47 are created. In order to acquire the advantage of the 
diffraction effectiveness, the concave grating pitch d made from the surface structure of the related 
range is used in a formula. In that case, in order to calculate the known wavelength lambda, the 
include angle (bottom where the light source and a camera were fixed) of incidence and diffraction is 
used. A concave grating pitch is the distance between the surface structures repeated regularly. 
Therefore, it is determined in step 48 whether a concave grating pitch is known. If it is known, 
wavelength lambda will be calculated in step 49. In step 50, if the image relevant to the calculated 
wavelength goes into the range which is one of the images by which the wavelength was caught is 
calculated under an assumption. Although suitable wavelength goes into the range generally caught, 
all the surface structures considered creating a useful diffraction image is not that this invention 
requires. If not discovered at all temporarily, the second inspection approach will be used in that 
case. In step 51, the classification-of-defect system 22, the defective diagnostic system 23, and the 
knowledge base 25 are used for the classification and diagnosis of a defect to which detection and 
location were carried out in the analysis image. 

[0057] If there is a demand when a concave grating pitch is not a thing known at step 48, it will 
move from the processing to step 55, and a concave grating pitch will be determined there. Count of 
the wavelength does not need to be performed with other operation gestalten as which a concave 
grating pitch is not required. In step 56 , inspection and analysis be easily make according to an 
individual , and the prehension image divided into multiplex [ which be make by various energy 
wavelength ( spectrum ) ] will determine whether either of them show existence of a defect so that it 
may be known to be use in order that diffraction light may detect a certain defect ( for example , 
defect of a focal gap ) . Naturally in this operation gestalt, a concave grating pitch does not need to 
be known. It is because the wavelength or the include angle of the diffraction light do not need to be 
calculated. Regardless of the wavelength used for detection, the defect expressed to one of the 
images is incorporated appropriately. Of course, this operation gestalt is not co-operation in 
connection with activation of count. The combination of these approaches is also available. 
[0058] In other operation gestalten, when a concave grating pitch is required in step 55, it moves 
from the processing to step 57, and check system catches the standard full spectrum image of the 
whole wafer according to the approach of being existing. It is desirable for the caught image to be 
digitized and to be accumulated in the knowledge base. In step 58, a technique like image 
decomposition is used and the structure on a front face is traced. And the digital map of a surface 
structure is developed and it is accumulated in the knowledge base concerned again. This technique 
is explained in more detail in the above-mentioned patent application number 08 / 156, and a patent 
number 6,091,846. [ 867 and 156 ] However, the vocabulary the "image" in this indication does not 
mean specific DS. Instead, as long as it is the format applied to analysis by this invention, regardless 
of a format, a setup of the data relevant to the wavelength and the spectrum which are demanded is 
mentioned. 

[0059] The caught front face is divided into a predetermined number of fields in step 59. And it is 



http://www4. ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 4/11/2006 



JP,2003-297888,A [DETAILED DESCRIPTION] 



Page 8 of 8 



determined whether each structure map contains the regular structure pattern with which it is 
analyzed and the range reacts to diffraction analysis. When contained, the distance during a pattern 
configuration is calculated in step 60. The concave grating pitch d of return and a formula (1) is used 
for step 49 after that. And when a known incident angle and a known diffraction angle (connected 
with bearing of the diffraction effectiveness camera) (from the fixed light source) are added, 
wavelength lambda is calculated using this pitch. Although it is desirable again that primary 
diffraction is used for count, the secondary diffraction [ 3rd ] is used similarly. According to the 
processing mentioned above, having assumed that the specific separation image caught according to 
the individual is in agreement with the range of the diffraction effectiveness camera with which is 
within the limits of the calculated wavelength and the wavelength calculated again presents use, it is 
inspected corresponding to the defect of the field which poses a problem. 

[0060] When one or more cameras or the light sources are available, whether whose being used for 
the predetermined field on the front face of a wafer, and the above-mentioned processing being 
performed and the process to determine may be included. Or it is also possible to use it combining 
one or more the light source/cameras. Here, although inspection which relates to this invention by 
which is used may irradiate a series of diffraction induction types, it is good also as an exposure 
process of 1 time by the proper wavelength determined, for example from the prehension image of 
all spectrums. 

[0061] Although the front face used for the decision of the grid pitch on structure or the surface field 
is beforehand determined with the operation gestalt mentioned above based on the desired surface 
structure, it is also possible to analyze the structure map of the surface image caught, for example 
besides it, and the field part of a different pitch can also be determined by this analysis. The 
permissible dose decided beforehand functions in order to guarantee that this front face is not 
superfluously divided in this case. In analysis of each field, as mentioned above, the suitable 
wavelength for acquiring a primary diffraction (or two or more order) image is calculated, and 
subsequently a defect is determined. Although it is necessary to adjust equipment or an inspection 
sample physically conventionally, since there is such no need, when the exposure of the light of two 
or more one wavelength performs diffraction analysis of some fields in this invention and it is useful, 
the effectiveness of this invention is serious. 

[0062] In the thing of intention that the operation gestalt explained above clarifies the technical 
contents of this invention to the last, this invention is limited only to such an example, is not 
interpreted in a narrow sense, it is the range stated to the pneuma and the claim of this invention, and 
can change many things and can be carried out. 



[Effect of the Invention] Avoiding the repeated adjustment at the time of inspection, as explained 
above, using the diffraction effect, it is accurate and a wafer front face can be inspected. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by 'the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] In order that the semi-conductor wafer by the gestalt of desirable operation of this 

invention may inspect, it is the front view of the constituted optical check system. 

[Drawing 2] It is the front view of the semi-conductor wafer which has two or more chips on a front 

face. 

[Drawing 3] It is a block diagram illustrating the interrelation of the subsystem of ADCS by the 
gestalt of operation of this invention. 

[Drawing 4] It is the simplified schematic of the lighting and image prehension by the gestalt of 
desirable operation of this invention. 

[Drawing 5] It is the flow chart of the process which shows the gestalt of 1 operation of the approach 
of this invention. 
[Description of Notations] 
1 0 Optical Check System 

II Semi-conductor Wafer 

12 Light Source 

13 Overhead Image Prehension Equipment 

14 Diffraction Image Prehension Equipment 

1 5 Control Computer 

16 Susceptor 
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[0 0 2 8] #f£HJ<7)~CDJ£ti£:LT, ffiE»WK-X 
HWJtO^BBtJ&SlHH^-^SrlSJmraxai:. Br£ 

«^»^<^t«irEft»^--^K»3W$n/tiSHt*ffl 
^iTiftta$nfe*:BS©iHEg*»wf-rsxai:*s^A«i 

[0 0 2 9] ^X^CDgijWBjft^fiSSi/X^Att, 

oT, aft©«*3^6tt***IBE9xA«lBC»Jt"r 
5Wt¥»t, «fE^xA*S0>«jfitJ:0lHl»f$nfe 
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[0 0 3 0] *&VR<D—V>tem\Z&n\Z, KttBBBJt^R 
5* A-f 7**t5*^7 SrAflTr 3 C £ ZftWi t?Z> 0 

[00323 cncj: v. & : gm<D8zmtez>m&&\B\T&- 10 

[0 0 3 3] ©»«fcJ:n«, «9E«[»«)« 

[0 0 3 4] ©^J8^«ttl«, mrf3#jg£^S 

tt, S9E*^7rtfc^UXA**«L, MTE^UXA 
tt, IttEttSLfcXeflttU IWIE«[»©««f||'&a!x 
/WX^«rE»«Lfc3t*l«]»«c:iSr«pai:-rs. 

[0 0 3 5] *»!!SCD-©i»»tJ;ntf, ttfi-f*-5* 20 

ffts*awu WEitfcomftisftii^/w^^sfeCfc 

«#*aW-*0, WE^xASlBO^^^JUHlSf-f ^— - * 

[0 0 3 6] **W©-0»HKitl«, WE«»C0jat 

* je 1 1 ft or r s c £ & &m t r a . 

[0 0 3 7] O^J8fccfcn«, IHEDx/NJi 

[0 0 3 8] 

ntz tziz mmttifcrt*- a & - >os*^s 
[0039] mi\z*&m<Dmm<Dj&iEi\z&ftz>¥m<* 

t^A 1 OcDJEMI^T&So yXri^l 0«7^ hl/yX 
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zl-* 1 5 , ^LT*i#9xA 1 1 ft«»T*3BM* 

So 

[0 0 4 0] 7^- M/yXh7<7>Kx-yy (Photor 
esist Island Edge) 3 ft*liS±0>X -y ^£tfcffl 

>S<B:*— A— 'Ny H*^7T*-6C^»*l 

C0 0 3 3 CCDXU7X^t>*7-*^7 (VX- 

[0 0 4 1 ] B2tt*»Ofy7 , l 8Sr*®fCWTS* 
WttCrxA 1 1 0¥I0W5o £©*Jfi©J&jBK:43^ 

^713 ch^jUl 2 bB«t»»T5. 6tt, 
[0 0 4 2] *»Wfc:*»**l|g»»Ttt, 

»o«fi^6»^safi**^xA«s^±Tttfc»'rs 
**aT6nfc9xA»H^6s»-r*3eo**ftj** 

[0 0 4 3] AttSttft#t|Bl0H' *-5>*ff0tH 
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[0 0 4 4] »*U^j|H»*fc*VJTtt. 

ax^^-oiiiwa^tv^fij^^^r-rs, #xa* 

ffi±TSMfc<Snfc:7* h l^X h«JBK:J;-3T»JE8*n 
JttBI*fc|5!*f*«fi*«. £©@WL£*<BS«E£SU; 10 

[0 0 4 5] IslW5toa*tt*(7)M«SCfc«k-3Ttt^$ 
tl-5„ 

m A =d(sin 0 i +sin 0 m) (1) 

Ate, |5Jtfr* : Fcr^fe'6^xA©«ffi*jfi)^ 
<*n*ft(BAi«IU 0.tt|§ltfrA« mttlElWa)*»«:» 

-f ^-^ft*oatr. 

[0 0 4 6] coijas/xfAoxjiitLm hj#t 
te^<£> tr >y (^M«5fio^si) 3&t«* #a-r * t * , " - 

(*«4fctt»«©9xAW|jftT)W*X©M 
[0 0 4 7] ZtlP><Dmm*W>f&2>f><D-C$>r>T*>s 30 

[0048] *ftm<Dfif&is^mmmmz&\,*Tte, ? 

xAttBj«*O^T©ift**'&tfafi*^«l:-5K«-^$ 40 

[0 0 4 9] laItFra»**^7tt* leI#TteTO bf 

ftlUSr-f ^-^tt, Mt*J;5i:»ffSftftll[ so 
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[0 0 5 0] *C!)ft0*llS^jBt*^Ttt, A— *\ 

x a a> $ 5 n * s o> m m < * - v £ a s -r 5 £ n 

[0 0 5 1 ] HSUSlKftm&tftfiE^X^A (Ano 
maly Detection and Correc 
tlon System, TADC Sj <h^5 c ) 

ADCSH ^OlMia^^f^-yf- 
*£#WT*f&tC<£ffl£n£K jftfflCD-^ft*. AD 

A 2 4^8^-^ 2 5^^^> 0 'S*ttffl-ffi*a3t 
yXfA2 1 ^RS<7)fi@^IE56^^"ro — S^R&oft 

[0 0 5 2] H4tt*«Sfl!)»*Hri*lt»18©-f 

^WxAl l^^ltfCftJffiTSo 5 OX 

5 0 tf-AX:/U **fc#JS$ft*<fc3fc¥Ki^*« 

±TW^»"r5A»ft0i7?^xAo»ffijcBae$ 

n^o i4H tfxA*ffi±a>2$-Bf a, bKfcfJfcT 
[0 0 5 3] Sld^O^Dfte, 0 o T&M£ft 

^£n*) 0 ^xA*s«jfi^«ko^i;fei5i«f«!i«fc«fc 

[0 0 5 4] 7j^CCD*/7 1 4#|sISrLfcft(± 



(8) 
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[0055] 3^<Dm^nrz-( *->>(*5£mz£ti 

hJl/ry^;K/-/3 5$Ml, 3>tf:x-*15 
yjXA3 2frAM^Zft**om&-rz>&&lZ&W\L 10 

[0056] m5te*ftw<Djjm<D-mmmm<D2:m<D 

Dt>*? 1 4^1^H]*f^C0{5@tcES$tl^o Xf7 

^1X7x7^4 4-T«y'JXA3 2tefi&£n^£ 
;HH&fciJ§g 3 6 te> y'JXA)&^lt65t0X 

te, 30W^J^7CCD3 3^ ft, 

trains. ■»ft**tt—«»KUissnfc(eHK:A 40 

-A2 5H #«-f ^-^TttHiR^ttSI£^$n^ 
[0 0 5 7] t)L0#rftf ^7^7x7^4 8TM 

y^5 5t»o, -tcTiawtt^fcry^ttjesns. so 
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&&mTzfcft\zfcm$nzzLhte&toT?&z&o[z 
nz>&m3iMV)iz&D&&ti2>. z<Dmmj& 

<£> * ffi CO ffi it * tc f IJ ffl oj fg t & <*> o 
[0 0 5 8] fo<D$zmM&lZ&\,*T , X5^y^5 5^43 

wC0a«tt,' Httj$<O»«Faiffi#-^08/867. 156<h4#l*F# 
-^6> 091, 846(C^V^T> £ Di$b < m*M£ tlT \<> Z> . 

[0 0 5 9] Xfy^5 9i:*WT, »ffiSnfcSiStt 

W5e©ft©««^»»en*. fit, *^©isv7 
zfteftmtsn. *<Dmmf)mm#ftizfcfc?zmimfc 

^C0ftXf7^4 9l:SD, 3; (1) <2 

msftt^hry^d^ftffldn*. fit, 
tiLtmm-?z>)mutiz>z:t\z&r). ««Attccohry 

n<5Ct^l^ 2*, 3&«©0WfcH«fc:«S 
[0 0 6 0] — 3K±©*^7eL<tt*jR^?UfflpIffi 



v 



(9) 
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[0061] ±sELfc*K^jBTtt, «a±©*^try 

[0 0 6 2] «±KHLfc*MMfctt, ^<JTt)*% 
5. 
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[0 0 6 3] 

[0M<z>ffi#felB9n 

[01] **^©»*bViSIJSOJ^»^iS¥WflOx 

[S2] *®±^«&<z)5 i ^y*#-r-5^#^xA(^ 

10 

[03] *«WOlilfi©^l8*CJ:SADCSc7)iJ-^v'X 
[04] *58MCO»*L^*Jfi©Jg«it<t*BI^R««< 



[0 5] 

1 0 »«f->XfA 

20 1^ ytw 

# — A — a, y H^-yflffigl 
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1 3 
1 4 
1 5 
1 6 
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m A = d(sin 0 i + sin 6 m) 
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_ _ i 4 MCDEM) rotfji: 
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(72)589I# 



(72)5E9i# 



3.- u > u : 

3505 

3 >/\> ? — 



75080 U 
Xf^Xt-^^ 1137 

75082 TttXM U 



75025 5^1*X*N 7 
"T"-Y U-P7<^ 3316 



7*»J*-&#S 75025 t^IJ-XM ^ 
A>^ — 2413 



(72)fBIB# UiT MS 

SSME^STe3f6f TB Sfc 

F^— 2F065 AA01 AA49 BB02 BB18 CC19 

DD06 FF42 FF48 GG24 HH12 
JJ03 JJ05 JJ26 LL00 LL46 
LL67 PP01 PP11 QQ03 QQ23 
QQ33 

2G051 AA51 AB01 AB02 BA01 BA08 
BA10 BA20 BB01 BB05 CA04 
CB01 CB05 CB06 CC11 EA12 
EA14 EA17 ED30 

4M106 AA01 BA04 CA39 DB03 DB04 
DJ21 DJ23 



